A B S T R A C T The ability of antipili antibody to prevent ascending urinary tract infection was investigated in rats. One group ofrats was immunized passively with rabbit antisera to purified pili and challenged by intravesicular inoculation of 5 x 107 heavily piliated Escherichia coli. Only 2 of 14 immunized animals developed cortical abscesses as compared to 13 of 15 control rats given normal rabbit serum (P = 0.0001). The mean log titer of bacteria in the kidneys of the immunized rats was 0.85 vs. 6.08 in the controls (P < 0.005). A second group was actively immunized with pili. 3 of 16 immunized animals became infected as compared to 10 of 15 controls (P = 0.01). The mean log titers were 2.13 and 4.54, respectively (P < 0.01). A third group was passively immunized and challenged with a strain that had different 0, K, and H antigens but shared pili antigens. Abscesses occurred in 4 of 15 immunized animals as compared to 13 of 15 controls (P = 0.001). The mean log titers were 2.37 and 5.63, respectively (P < 0.005). These results indicate that antipili antibody protects rats against ascending urinary tract infection.
INTRODUCTION
There is increasing evidence that colonization of the urogenital epithelium is an essential step in the pathogenesis of ascending urinary tract infection (UTI).' Colonization of the vaginal vestibule commonly precedes infection of the bladder (1) and women who are prone to recurrent UTI are more often colonized with potential pathogens than are normal women (2) . Two defects have been identified in the host defenses of infection-prone women that might account for their propensity for colonization: the absence of antibody in Received for publication 13 March 1979 and in revised form 23 April 1979 . 1 Abbreviation used in this paper: UTI, urinary tract infection.
the vaginal fluid to the colonizing strain (3) and an enhanced ability of uropathogens to adhere to their vaginal epithelial cells (4) .
The common pili of gram-negative organisms have been shown to mediate bacterial attachment to the surface of uroepithelial cells (5) . Additional reports have linked the presence of pili with the ability of an organism to cause UTI in humans (6) and experimental animals (7) . As antipili antibody is known to block bacterial attachment to epithelial cells (8) Purification of pili. Pili were purified by a modification of the method of Brinton (6) . Heavily piliated bacteria were depiliated by mechanical agitation, and the pili precipitated with 45% ammonium sulfate. The pili were subsequently purified by differential and sucrose density centrifugation and repetative precipitation with 1 M magnesium chloride.
Evaluation of the purity of isolated pili. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was done by the method of Laemmli (9) . Isolated pili were negatively stained with 0.5% uranyl acetate by an agar diffusion method (10) . Agar gel double diffusion was performed according to the method of Ouchterlony and Nilsson (11) . Immune electron microscopy of antibody-treated bacteria was performed with ferritin-conjugated goat anti-rabbit IgG (Miles Laboratories, Inc., Elkhart, Ind. 200 Ag of pili suspended in saline were administered intravenously. When maximum agglutinating titers were achieved, rabbits were exsanguinated, the serum separated, heated at 56°C for 30 min, and stored at -90°C. The agglutinating titers of the antibody was assessed by observing aggregation of whole organisms or isolated pili.
Immunization of rats. For passive immunization, rats were 2E. coli strains were serotyped by Dr. Donald Brenner of the National Center for Disease Control, Atlanta, Ga.
injected intravenously with 0.5 ml of rabbit antipili serum. Controls received normal rabbit serum. Rats were actively immunized by intradermal injection of 100 ,Ag of purified pili emulsified with complete Freund's adjuvant. After 4 wk they received an additional 100 ,g intravenously. For controls, bovine serum albumin was substituted for the pili. Passively immunized rats were challenged with bacteria 24 h after administration of antiserum and actively immunized animals were challenged when maximal serum agglutinating titers were achieved.
Experimental infection. Ascending infection was induced by the transiently ligated ureter method of Brooks et al. (12) . Approximately 5 x 107 colony-forming units of a 24-h growth of heavily piliated bacteria contained in 0.5 ml normal saline were injected into the bladder. Animals were sacrificed after 7 d and the presence of renal cortical abscesses ascertained by visual inspection. The kidneys were homogenized in saline and after appropriate dilution, an aliquot of the homogenate was suspended in melted agar for enumeration of the number of colony-forming units.
RESULTS
The final preparations of the pili were pure by the following criteria. No contamination was observed by darkfield examination or negative staining electron microscopy. A single band was obtained with sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Fig. 1) . With agar gel double diffusion, a single precipitation line formed between the pili and antisera raised in rabbits to the homologous strain. Antisera to purified pili (EC 3781) formed a precipitation line to the pili of both EC 3781 and EC 346 (Fig. 2) . Immune electron microscopy with ferritin-conjugated anti-IgG confirmed that the antisera antibody had specificity for the pili alone. Numerous ferritin molecules were seen to be attached to the pili of EC 3781 bacteria that had been incubated with anti-EC 3781 pili sera. Virtually no ferritin was associated with the flagella or nonpiliated bacterial surface (Fig. 3) . Antibodies to the pili of EC 3781 also bound selectively to the pili of EC 346 as well, confirming that the pili ofthese two strains, shared antigenic determinants. The limulus lysate assay was negative indicating that less than pyrogenic amounts of endotoxin were present in the purified pili.
The mean reciprocal agglutinating titer of the serum of passively and actively immunized rats before bacterial challenge was 1024 and 512, respectively. The protective effect of antipili serum for ascending infection is depicted in Table I . It can be seen that significantly fewer passively immunized rats developed cortical abscesses than unimmunized controls. Difference in mean bacterial titers paralleled the morphological observations. Protection was also achieved with active immunization. Animals passively protected with anti-EC 3781 pili sera were protected against challenge with EC 346 as well.
DISCUSSION
This study has shown that acquisition of immunity to the pili of E. coli protected rats from ascending E. coli UTI. As antibodies to 0 (13), K (13) , and H (14) antigens are known to confer similar protection, it was deemed essential, in the present experiment, to exlcude rigor-3a .4
3b .o. ously their potential contribution. Three lines of evi-were pure by generally accepted criteria (8) . Second, dence lend confidence to the conclusion that antipili immune electron microscopy confirmed that antipili antibody alone was responsible for the protective ef-antibody bound only to the pili themselves and not to fects observed. First, the pili used for immunization any other surface structure. Last, animals immunized Finally, it should be noted that in the present study bacteria were injected directly into the bladder. As a result we could not evaluate whether systemic immunity to pili prevents periurethral colonization, an important initial event in the pathogenesis ofhuman infection (1) . Therefore, additional studies are needed to determine whether antipili antibody is secreted into the urine and vaginal secretions in sufficient concentration to block colonization of this surface.
